INTRODUCTION
The soil bacterium, Agrobacterium tumefaciens, causes crown gall tumor, a neoplastic disease of many dicotyledonous plants. All oncogenic strains of Agrobacterium have a large tumor-inducing (Ti) plasmid with a molecular weight in the range of 150kb to 800kb (1; L. Unger, personal communication).
Tumor formation results from the transfer and stable incorporation of a portion of the Ti-plasmid, called the T-region, into the plant cell. The transferred DNA (T-DNA) (2) encodes enzymes which synthesize tumor specific compounds, opines, and phytohormones (3, 4, 5) . A restriction endonuclease map of the T-DNA of the Ti-plasmid pTil5955 is shown in Figure 1A .
The T-DNA organization of both octopine and nopaline tumors has been elucidated by Southern transfer and hybridization experiments (6, 7) . respectively. The T-DNA organization of the octopine tumor lines A6S/2 and E9 is shown in Figure IB .
Analysis of the DNA sequences of the plant plasmid junctions has shown that the T-DNA/plant junctions are in close proximity to a 25 bp direct repeat at either end of the T-region of the Ti-plasmid (8, 9, 10, 11, 12) .
In the case of octopine tumors, four of these 25 bp sequences can be found.
The first one is in Hindlll Y, which is the left junction of T DNA. Two more are in EcoRI 24, which contains the right junction of T T-DNA and the left junction of T R . The final 25 bp sequence is found in EcoRI 22, the right end of T R (Figure 1 ).
The mechanism of T-DNA integration remains unknown. More detailed information on the structure of the integrated T-DNA may be useful in establishing the mechanism by which T-DNA is integrated. In the present study, we report the T-DNA organization of an octopine type tumor with an unusually high copy number for T L T-DNA. We show that some of the T DNA has undergone rearrangement and deletion. Large inverted repeats of the T-DNA are also observed.
MATERIALS AND METHODS

Tissue Culture
Clone 1595501 was derived from a tumor incited by A. tumefaciens strain 15955 on Nicotiana tabacum var. Xanthi nc. The tumor was grown on MurashigeSkoog medium in the absence of plant growth hormones.
DNA Preparation
High molecular weight DNA from tobacco tissue was prepared using the procedure of Chilton, ££ ^. (13) or Thomashow, et_ al. (6) . Plasmids containing recombinant DNA were isolated from E. coli strains by the method of Birnboim and Doly (14) . Ti-plasmid from Agrobacterium was isolated as described by Currier and Nester (15) . Charon 4A DNA and recombinant phage DNA were isolated from phage banded in cesium chloride as described by
Blattner, £t a^. (16) .
Hybridization Analysis DNA digests were separated by electrophoresis on a 0.7% agarose gel with a Tris acetate buffer (13) . The DNA was denatured in situ, transferred to 32 nitrocellulose filters and hybridized to P-DNA labelled by nick translation (6) . The filters were then autoradiographed at -70°C using Kodak XRP5 film and DuPont Cronex intensifying screens.
DNA Sequence Analysis
The DNA to be sequenced was cloned into the M13 phage vectors of Messing (17) and then sequenced by the dideoxy method of Sanger, et_ al. (18) . The reaction products were separated by electrophoresis for one or four hours on an 8% or 6% acrylamide-8M urea gel (43 cm x 10.5 cm x 0.35 mm) at 45 watts.
DNA CIoning
Molecular cloning into the vector Charon 4A was performed as described (5) . Cloning of T-DNA fragments into the single stranded phage M13mp7 vector was performed as described by Messing, et_ al. (17) . • -7.
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Figure 1_
Detection of DNA fragments containing Ti-plasmid sequences in 1595501 tumor. 1595501 DNA was digested with EcoRI, fractionated by electrophoresis in a Q.7% agarose gel, transferred to a nitrocellulose filter and hybridized with P labelled probes. 32 A.
Hybridization with P labelled pTil5955. (a) 4 copy reconstruction of Ti-plasmid.
The equivalent of 4 copies of Ti-plasmid per diploid tobacco genome was added to salmon DNA followed by EcoRI digestion. Elevated levels of cytokinins and dimethylallylpyrophosphate-AMP transferase, the enzyme responsible for the synthesis of cytokinin, were also found in the 1595501 tumor line (24) . The high levels of all of the metabolic products and enzymes described above may be due to the high copy numbers of T-DNA sequences present in this tumor.
Simpson, et^ al^. , Zambryski, et^ al. , Gielen, ^t^ al_. , Barker, et^ ^al^. , and
Yadav, ejt ad. (8, 9, 10, 11, 12) have reported that there is a 25bp imperfect direct repeat at each end of the T-DNA in both octopine and nopaline plasmids, and they suggest that this repeat is involved in the T-DNA transfer process. The use of disarmed plasmids in genetic engineering also shows that the 25bp repeats are important (25, 26) . Both of the two T junctions sequenced in this study diverge from plasmid sequence within the left member of this 25bp repeat (Fig. 6 ). The fact that Hindlll Y is 2.8kb long, and the sites of integration for both junctions are within this 25 bp, indicate that this 25 bp sequence probably plays a role in T-DNA integration. The observation that the left junctions end at different sites within this 25bp repeat may result from DNA rearrangements that involve excision and repair
after an initial precise integrative event. Alternatively, these junctions may reflect an imprecise integrative event.
Since the T-DNA in the Ti-plasmid is bounded by 25bp repeats, it has a structure similar to a transposon. However, in a typical transposition process, the repeated sequence remains intact at both ends of the transposon.
Our sequence data show that the left end of the T-DNA did not end at a definite sequence. The right end of T DNA is also variable. The T L right junction of the tumor line 1595501 can end in EcoRl 24, EcoRl 7 or Hindlll B.
In summary, 1595501 tumor cells contain a high copy number of T DNA.
Some copies of the T DNA are smaller in size than the T DNA usually found in unorganized octopine tumors (6, 8) . These smaller T DNAs may have arisen by deletion of the normal T . T DNA in 1595501 is also found as an inverted repeat. Our sequencing data of the left junctions of this tumor are consistent with the proposal that a 25bp imperfect direct repeat in the Ti-plasmid plays a role in the integration process, although the sites of integration are not exact.
